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ABSTRACT
The aim of this work is to evaluate how changes in a set of
different key operational factors (e.g., the unit sales price, the
fingerling unit cost, the feed unit cost, and so on) would
impact on the economic performance of a typical grow-out
farm producing European sea bass in the Mediterranean
under different scenarios of production related to the farm
size (production volume) and production strategy (size of the
produced fish). A what-if analysis using a deterministic static
model to simulate the annual income statement of a typical
grow-out farm was carried out. Data was obtained from ten
European facilities located in the Mediterranean Sea. Our find-
ings show the importance of the farm’s scale and the produc-
tion of larger fish to obtain better economic results. Another
important conclusion is that increase in fish growth and sur-
vival rates, innovating in feed and improving the breeding
and health conditions, could compensate the reductions in
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Introduction
European sea bass (Dicentrarchus labrax) is one of the most important spe-
cies in Mediterranean aquaculture. The culture of sea bass represented in
the year 2018 approximately 20% (US$662 million) of the total value of the
European aquaculture, ranking the second species in the EU aquaculture
industry in terms of value after the Atlantic salmon (STECF, 2021).
Moreover, the EU is one of the largest producers of farmed sea bass with a
CONTACT Jose L. Fernandez Sanchez fernandezjl@unican.es IDES Research Group, Department of
Business Administration, University of Cantabria, Avda. de los Castros 56, Santander 39005, Spain.
 2021 The Author(s). Published with license by Taylor & Francis Group, LLC.
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives
License (http://creativecommons.org/licenses/by-nc-nd/4.0/), which permits non-commercial re-use, distribution, and reproduction
in any medium, provided the original work is properly cited, and is not altered, transformed, or built upon in any way.
AQUACULTURE ECONOMICS & MANAGEMENT
https://doi.org/10.1080/13657305.2021.1996481
50% value share of the world production, being Greece the largest producer
within the EU followed by Spain (STECF, 2021).
Traditionally, sea bass has been farmed extensively in coastal lagoons in
northern Italy (vallicultura) and brackish ponds in southern Portugal and
Spain (esteros), where fish are allowed to enter inside the lagoons and
ponds to be trapped and fed naturally until they are harvested (EU, 2012),
although only a few farms still use these traditional methods to grow fish.
In the 1990s, new technology allowed the cage culture in Spain, France,
and Italy, being most of the products produced nowadays at industrial scale
in floating cages in the sea.
Sea bass aquaculture is an industry with keen competition in which prof-
itability of operations is very sensitive to different factors. During the
1990s, high market prices allowed the companies in the industry to obtain
positive economic returns. At the beginning of the 2000s, entry of new
companies increased total production leading to reduced prices and firms’
margins. Over the years, periods of oversupply and price drops in the mar-
ket have followed one another, always with the same profitability challenges
for companies. As consequence, several medium and small companies col-
lapsed, while other companies started a consolidation process to achieve
economies of scale and reduce average production costs (Fernandez-
Polanco and Llorente, 2019). Another solution for the profitability problem
of companies in the industry has been to change business strategies to sell
more volume and/or to increase quality to obtain higher prices (e.g., pro-
ducing larger fish).1
The economic performance of the sea bass industry presents over time,
and between countries, many variations which may be related to the het-
erogeneity of production facilities and their business strategies (Llorente
et al., 2020). Even though there is a general tendency toward larger firms
and a higher degree of integration, companies also tend to specialize in dif-
ferent business models by levels of production and product strategies.2
Aguilera et al. (2019) analyze the structure of the Mediterranean marine
fish farming sector and show that there is an important heterogeneity of
farms and companies throughout the Mediterranean. Hence, the variation
of firms’ operating profits and margins cannot be explained only by
changes in the market sales prices, but also by other operational factors
related to the sea bass production such as the cost of fingerlings, the cost
of feed, and so on (Di Trapani et al., 2014).
Despite their importance, there is a scarcity of empirical work on this
topic. Rizzo and Spagnolo (1996) were the first authors who proposed a
model for the simulation and optimization of sea bass aquaculture plants
to analyze the economic impact of changes in different operational factors.
More recently, several studies have analyzed this topic, but limited to the
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effect of one specific operational variable. Di Trapani et al. (2014) com-
pared the financial differences of producing sea bass in Italy depending on
where the productive facility is located (inshore or offshore). On the other
hand, Baki and Y€ucel (2017) evaluated the economic weight of feed costs
in sea bass aquaculture using data from one Turkish company, whereas
Arru et al. (2019) analyzed the economic impact of changes in the diet of
European sea bass employing the case analysis of a small-sized farm.
However, none of these studies have considered different scenarios of pro-
duction that can moderate the effect of operational factors.
The aim of this work is to evaluate how changes in a set of key
operational factors would impact the economic performance of a typical
grow-out farm producing European sea bass in the Mediterranean under
different scenarios of production related to the farm size (production vol-
ume) and production strategy (size of the produced fish). This analysis is
important to improve the production efficiency and profitability of this
industry since there is still room for its improvement (Fernandez Sanchez
et al., 2020; Nielsen et al., 2021). The salmon, shrimp and tilapia industries
are good examples of how improvements in fish feeding or fish breeding
and health have promoted their production productivity (Asche, 2008;
Kumar and Engle, 2016). In addition, this analysis can be very useful for
sea bass producers and policymakers to elaborate business plans and take
more appropriate managerial decisions considering different scenarios
of production.
To carry out this work, we propose a model to simulate the annual
income statement of a typical grow-out farm adjusted to different scenarios
of production. This model estimates the operating revenues obtained by
the harvesting and sale of adult fish as well as the operating costs of sea
bass production and commercialization. Estimations obtained with this
model are then used to evaluate, through a what-if analysis, the economic
impact of changes in some of the operational parameters.
The structure of this work is as follows. First, we explain the model and
the assumptions that we have set up, as well as the values of the model
parameters and the scenarios of production used to obtain the baseline val-
ues for our analysis. In the following section, we present and discuss the
results obtained with the model and the what-if analysis. Finally, in the last
section, we present the main conclusions of our work.
Method
We have designed a deterministic static model programmed with the
spreadsheet Excel (version 16.0) to simulate the annual income statement
of different European grow-out farm typologies producing European sea
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bass in the Mediterranean Sea. This model, which is based on the work of
Bjørndal (1988), Rizzo and Spagnolo (1996), Cacho (1997), Gasca-Leyva
et al. (2002), Pomeroy et al. (2008), Di Trapani et al. (2014), Janssen et al.
(2017) and Arru et al. (2019), is composed of two sub-models: a produc-
tion sub-model with different parameters and variables related with the
production process (e.g., stocking density, feeding, fish growth, fish mortal-
ity, etc.), and an economic sub-model with parameters and variables related
with the economic issues of operating an aquaculture farm (e.g., capital
requirements, labor, revenues, costs of inputs, and so on). Our model does
not include biological or environmental sub-models as other more complex
models do (e.g., bio-economic or system dynamic models) since the aim of
our model is not to optimize a farm’s production process. Specifically, the
purpose of our model is to simulate the economic performance of a typical
farm and to examine how the variations in some operational key parame-
ters (e.g., the unit sales price, the fingerling unit cost, the feed unit cost,
and so on) impact on it under different scenarios of farm size (production
volume) and production strategy (size of the produced fish) (Figure 1).
Model description and assumptions
Our aim was to build a model to simulate the operations of a typical grow-
out farm during a regular year to estimate its annual net operating profit.
This facility employs the production system based on sea-cages and we
assume that the production process is continuous with multiple batches
(i.e., the fry stocking and fish harvest of is repeated with similar frequency),
so that the distribution of the economic variables (prices and costs) and
production variables (stocking, feeding, and harvesting) are assumed con-
stant during repeated production cycles. We also assume that limiting fac-
tors of production are specific farming conditions (e.g., water temperature
or mortality rates) and practices (e.g., selection of fingerling size, stocking
density, feed composition or feeding regime), and they are considered fixed
and appropriate (optimal) along the production process, so that fry stock-
ing and fish harvesting are unaffected by them.
Figure 1. Model framework to simulate the economic performance of sea bass production.
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The annual net operating profit (p) of a sea bass grow-out facility with a
continuous production system can be obtained by subtracting the annual
total operating costs (TC) from the annual operating revenues (TR)
obtained from the fish sales, such as:
p e=year
  ¼ TR e=year –TC e=year : (1)
The annual operating revenues from fish sales were calculated as follows:
TR ¼ p Q, (2)
where TR is the annual operating revenues (e/year); p is the unit sales price
of fish (e/kg); and Q equals the annual biomass of fish produced (kg/year).
We assume that the harvested fish exhibit homogeneous genetic behavior
and weight distribution (no malformations), as well as the harvested bio-
masses can be sold to a price p independent of the fish supplied. Moreover,
the annual biomass of fish produced in each facility can be calculated in
the following way:







where N is the annual quantity of cultured fish (# units/year); s is the fish
survival rate (%); and w1 is the fish final weight (g/unit). The annual quan-
tity of cultured fish can be obtained using the following expression:
N ¼ d  c 12
T
(4)
where d is the fish density per cage (# units/cage); c is the total cages in
the facility (# cages); and T equals the production period (# months). This




where w1 is the fish final weight (g/unit); w0 is the fish initial weight
(g/unit); and g is the fish absolute growth rate (g/month).
On the other hand, the total operating cost per year of a grow-out farm
is given by the sum of its variable and fixed costs in the period. Fingerling
and feed costs are considered variable costs, assuming that these costs are
proportional to sea bass production, whereas it is supposed that the
remaining operating costs are fixed (see Table 1).3 In this model we have
not included the financial costs (cost of capital) and the corporate taxes to
the operating costs to avoid the problems arising from the use of different
financial and taxation policies followed in different geographical areas.
Dividing the annual operating profit (p) and the total operating cost
(TC) between the annual biomass of fish produced in the period (Q), we
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can obtain respectively the average operating profit (p) as well as the aver-
age operating cost (AC) to produce and sell a kilogram of fish.
In addition, the break-even point of each facility (Q0), which is the level
of activity (kilograms of fish produced in each period) in which a firm or




  , (6)
where FC is the annual fixed costs (e/year) and VC the annual variable
costs (e/year). With the farm’s break-even point, we have also obtained the
margin of safety (MOS), which is the difference between the actual sales
and the break-even sales of a firm or farm. It can be also expressed in the
form of ratio, which is calculated by using the following formula:
MOS ratio ¼ 100 ðQ – Q0Þ=Q, (7)
so that the larger is the ratio the lesser is the risk in reaching the breakeven
point and the risk of business to have losses. It is an important figure for
any business because it tells managers how much reduction in revenue will
result in break-even serving as a measure of operating risk (Weygandt
et al., 1999).
Parameter values and scenarios
Once the model has been designed and the work assumptions have been
set up, the next stage to conduct the simulation analysis is to hypothesize
about the values of model parameters as well as to set up the different
scenarios of production. To estimate appropriate parameter values, we have
obtained data of a sample of ten grow-out facilities from a representative
group of European firms producing sea bass in the Mediterranean Sea (five
from Croatia, three from Spain, one from Italy, and one from Cyprus). The
period used to estimate the parameters values ranges from 2015 to 2017.
Table 2. Parameter values depending on the farm size.
Concept Unit Micro farm Small farm Medium-large farm
Farm annual production tons/year 180 540 2,250
No. of cages # cages 12 18 40
Cage size (volume capacity) m3/cage 1,000 2,000 3,750
Biomass density kg/m3 15 15 15
Annual wage per employee e/employee year 16,440 16,440 16,440
No. of employees per cage # employees/cage 0.8 0.8 0.8
Annual energy cost per cage e/cage year 3,124 3,124 3,124
Annual veterinarian cost per cagea e/cage year 650 650 650
Annual other operating costs per cage e/cage year 3,411 3,411 3,411
Annual depreciation rate % 10 10 10
Annual capital investment per cage e/cage year 151,265 151,265 151,265
aAssuming that there is not any important disease outbreak along the culturing period.
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On the other hand, we have considered different assumptions regarding
the farm size, i.e., annual production volume (see Table 2), and production
strategy, i.e., size of produced fish (see Table 3), so that we have contem-
plated nine different scenarios (farm typologies) for our analysis. Looking
at Table 2, we assume that the annual production for a micro-sized farm
would be around 180 tons using 12 cages of 1,000m3 (each cage would
have approximately 15 m of diameter and 4 m deep) and having a biomass
density of 15 kg/m3 in each one. Regarding the small-sized farm, we assume
that the annual production is around 540 tons using 18 cages of 2,000m3
(each cage would have approximately 22 m of diameter and 6 m deep) and
having a biomass density of 15 kg/m3. Finally, we assume that the annual
production for a medium-large-sized farm is around 2,250 tons using 40
cages of 3,750m3 (each cage would have approximately 25 m of diameter
and 8 m deep) and having a biomass density of 15 kg/m3. To facilitate the
comparison, we have assumed that all operating costs per cage are the
same for all facilities (average values obtained from our sample of farms).
Thus, the labor cost per employee is 16,440 e/year and the number of
employees employed in each facility is 0.8 workers per installed cage. We
also assume that there is not any important disease outbreak in the year, so
that the regular veterinarian and medicine costs are around 650 e/year.
The other operating costs per cage would be around 6,411 e/year and the
annual depreciation rate would be 10% with a capital investment of
151,265 e/year per cage.
Looking at Table 3, we show the different production strategies that can
be employed in the former farms. Thus, each of the former farms can
choose to produce and sell different sizes of fish (specifically European sea
bass). Strategy 1 is to produce a sea bass of 450 g with a sales price of 5.80
e/kg. We assume an average survival rate in the whole period of produc-
tion (almost 2 years) of 90%. On the other hand, strategy 2 is to produce a
1-kg sea bass with a sales price of 8.72 e/kg. In this case, we assume an
Table 3. Parameter values depending on the production strategy.
Concept Unit Strategy 1 Strategy 2 Strategy 3a
Cultured species name European sea bass European sea bass European sea bass
Fish harvested weight grams/unit 450 1,000 2,000
Unit sales priceb e/kg 5.80 8.72 11.46
Culturing period months 23 36 60
Fingerling initial weight grams/unit 11 11 11
Survival ratec % 90 85 80
Absolute growth rate (AGR) grams/month 18 27 33
Fingerling unit cost e/unit 0.31 0.31 0.31
Feed unit cost e/kg 1.05 1.05 1.05
Feed conversion ratio (FCR) ratio 2.4 2.4 2.4
aIn this strategy the half of production will be fished and sold when fish achieves a weight of one kilogram.
bThe unit sales price of sea bass was calculated taking the Spanish retail prices and discounting the added value
over the ex-farm price (EUMOFA, 2019).
cWe assume that there is not abnormal fish mortality (disease outbreaks) and escapes in the year.
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average survival rate in the whole period of production (3 years) of 85%.
Finally, strategy 3 is to produce a 2-kg sea bass with a sales price of 11.46
e/kg, although we have also assumed that half of this production would be
fished and sold when the fish achieves a weight of one kilogram since it is
a habitual practice employed by firms following this production strategy.4
We assume for this case an average survival rate in the whole period of
production (5 years) of 80%. In addition, we have assumed for all cases
that the initial weight of fingerlings is 11 g/unit, which are bought to a
hatchery or pre-growing external facility at the unit price of 0.31 e/unit.
The average feed cost is fixed at 1.05 e/kg, whereas the feed conversion
ratio (FCR) is 2.4.
To validate our model, parameters and results were revised by some
experts and professionals in sea bass production who verified that these
values are close to reality. In addition, we have also compared the relative
values of the different operating costs obtained from our model with those
from other previous studies (Arru et al., 2019; Bozoglu and Ceyhan, 2009;
Di Trapani et al., 2014; Hadelan et al., 2012). The relative values obtained
with our model are very similar being the feed cost the most important
operating cost (a 58.3% on average in our research), whereas the variable
operating cost have a value between the 50% and 70% of the farm’s total
operating costs (67.7% on average).
Results
Baseline values of economic performance
In Figure 2, we present the baseline values of the variables employed to
measure the economic performance of the nine scenarios proposed for this
analysis according to the assumptions set up in Tables 2 and 3. Looking at
the figure, we can observe the scale effect regardless the production strat-
egy. Thus, in a micro-sized farm we can produce a 450 g/fish (strategy 1)
with an average operating cost of 5.99 e/kg, whereas this cost is 4.67 e/kg
in a small-sized farm and 4.06 e/kg in a medium-large-sized farm. The
same effect is obtained with the other production strategies. Further, the
difference in the average operating cost between strategy 3 and the other
strategies increases according to the farm size, so that the larger the farm,
the more important is to choose strategy 3 instead the other production
strategies to increase the average net operating profit. Consequently, the
best production strategy economically is to culture fish of 2 kilograms
(strategy 3) in which we always obtain the largest net operating profit
regardless the farm size, since we get higher sales prices and lower operat-
ing costs per produced unit.
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Regarding the operating risk (Table 4), the MOS ratio is negative in the
micro-sized farms following strategy 1 since their break-even point
(174,440 kg/year) is above the level of real production (162,000 kg/year).
Therefore, for these farms with a very small yearly production, strategies 2
and 3 would be a better alternative economically since that these farms
will obtain net profits and the MOS ratio would be larger (50.7% for strat-
egy 2 and 67.7% for strategy 3) presenting consequently a lower operat-
ing risk.
Economic impact of changes in model parameters (what-if analysis)
Once the economic baseline values of the typical farm have been obtained,
a what-if analysis has been carried out to provide us a more exhaustive
economic assessment of the sea bass farming. This analysis involves chang-
ing the value of a specific parameter to test its impact on the model varia-
bles used to measure the farm’s economic performance. Specifically, we
have examined the economic impact on the net operating profit of changes
in the baseline values of some operational parameters such as the unit sales
price, the survival rate, the growth rate, the fingerling unit cost, the feed
unit cost, or the feed conversion ratio (FCR) because of their importance
Figure 2. Economic performance of a typical grow-out farm under different scenarios of pro-
duction (baseline values).
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in the production and commercialization process (see Table 5). Each of
these model parameters has been varied one by one maintaining the rest of
parameters constant (ceteris paribus) by 10% above or below its base-
line value.
The what-if analysis has demonstrated that the unit sales price (p) is the
model parameter with the largest impact on the net operating profit for all
scenarios, so that a 10% of reduction in the price will reduce the net oper-
ating profit more than every other model parameter regardless the farm
size and production strategy. The following model parameters with a sig-
nificant impact on the farm’s net operating profit are the survival (s) and
growth (g) rates (for strategy 1 the survival rate has more impact on it
than the growth rate, whereas for strategies 2 and 3 the growth rate is
more important), which effect is high and close to the effect of price. On
the other hand, the fingerling unit cost (pj) is the model parameter with
the lowest impact on the net operating profit regardless the farm size and
production strategy.
To introduce the effect of parameter uncertainty in the former analysis,
we present in Table 6 the results about how many units of each model par-
ameter are necessary to obtain a null net operating profit (i.e., we obtain
the break-even values of each parameter). According to our findings, the
production of 450-g fish (strategy 1) is the worst strategy of production for
all parameters regardless the farm size since with this strategy is necessary
to fix the higher price, survival rate and growth rate to compensate the
farm’s operating costs as well as the lower fingerling unit cost, feed unit
cost and FCR to have the lowest operating costs and get positive operating
profits. By contrast, in small and medium-large-sized farms the production
of 2-kg fish (strategy 3) is the best strategy of production for all parame-
ters. In a micro-sized farm, the production of 1-kg fish (strategy 2) is the
best considering only the price parameter, whereas strategy 3 is the best
with the rest of parameters. Hence, this analysis confirms the results
obtained with the what-if analysis about which scenario of production is
the best for economic performance regardless the value employed for each
model parameter.
To improve the what-if analysis, we show in Table 7 how many units of
each model parameter are necessary to compensate a reduction of 10% in
the unit sales price. The results show that a reduction in the fingerling unit
cost (pj) is not possible to compensate a reduction of 10% in the unit sales
price because in this case the cost of the fingerlings would be out the mar-
ket clearly (pj with negative values or values close to zero). A reduction in
the feed unit cost (pf) is also a very unrealistic alternative because farms
would have to buy feed, in the highest option (strategy 1), paying around
0.82 e/kg what is far of the market prices nowadays (over 0.90 e/kg). We
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obtain similar results whether we decide to improve the feed conversion
ratio (FCR) since the values presented in Table 7 are very far from the
actual values of production. Thus, we would have to reduce the FCR from
2.4 to 1.9 (i.e., a 21% of reduction) in the case of the best alternative (strat-
egy 1). In the case of the other production strategies (2 and 3), the FCR
reduction would have to be larger. Therefore, the best alternatives that we
can get would be when farms try to improve their growth and survival
rates. Thus, we need an improvement of 2.19 g/month (an increase of 12%)
for strategy 1 regardless of the farm size to compensate the reduction of
the sea bass market price from 5.80 to 5.22 e/kg. For strategies 2 and 3, it
would be necessary an improvement of 3.02 and 3.63 g/month respectively
(an increase of 11% in both cases). In the case of an improvement in the
survival rate, this option is not possible for strategy 1 since the new values
would be over 100%, whereas for strategies 2 and 3 it would be possible if
we can reduce the farm’s mortality 11.23 and 10.13 percentage points
respectively. Obviously, a reduction in both parameters at the same time
would require a smaller increase on them to compensate the reduction in
the unit sales price.
Discussion and conclusions
An important result of this work is that the annual volume of production
(the farm’s scale) is very important in this industry to obtain better eco-
nomic results. The baseline values of our simulation model show scale
effects regardless the production strategy in accordance with the findings
obtained in earlier studies (Fernandez Sanchez et al., 2020; Llorente et al.,
2020). The same effects have also founded in the salmon aquaculture
industry (Asche et al., 2013). This result is important because it provides
an explanation of the concentration process of this industry in Europe in
the last decade (Llorente et al., 2020; STECF, 2021).
In addition, the production strategy chosen by producers (i.e., size of the
produced fish) is an important decision to achieve the farm’s economic
sustainability, mainly in the case of the smallest production facilities. Thus,
the farm’s economic performance improves the larger the farm and the
larger the fish produced. According to our model, the production of 450-g
fish is the worst production strategy and the production of 2-kg fish is the
best regardless of the farm size. This result serves to validate the strategic
decisions taken for some producers in the last years to be more economic-
ally sustainable. Even though the production of 450-g fish is usually the
strategy preferred by many producers in this industry because it is consid-
ered the best alternative to get cash rapidly and have less risk of loss due
to an unexpected event (e.g., a disease outbreak, marine storms and so on),
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our findings show that it is the worst production strategy from an eco-
nomic point of view assuming a continuous production system with mul-
tiple batches along the time.5 However, credit constraints may be also a
challenge as discussed in Mitra et al. (2019).
On the other hand, the what-if analysis has shown how the unit sales
price is the model parameter with the largest impact on the net operating
profit for all scenarios, so that a 10% of reduction in the price will reduce
the net operating profit more than every other model parameter. This
result agrees with the negative impact that the different supply crisis, gener-
ating deep price reductions in the market, has had historically on firms’
economic performance and shows the need of improving the efficiency in
the sector to counteract that negative effect (Fernandez Sanchez et al.,
2020; Nielsen et al., 2021). The following model parameters with a signifi-
cant impact on the farm’s net operating profit are the growth and survival
rates, which effect is very high and close to the effect of price. This result
confirms the economic importance of fish growth and survival in sea bass
farming as recent studies have shown (Besson et al., 2016; Kankainen et al.,
2012). By contrast, the fingerling unit cost is the model parameter with the
lowest impact on the net operating profit regardless the farm size and pro-
duction strategy.
Hence, the improvement of the growth and survival rates of fish would
be a very important decision for sea bass producers. For example, innovat-
ing in feed nutrition and feeding efficiency, investing in breeding, and
improving health management (prevention, vaccination, biosecurity, etc.)
could compensate the reductions in the sea bass sales prices more effi-
ciently than using other alternatives. Moreover, the development of models
and tools to evaluate the economic impact of disease outbreaks and health
programs could also help to improve farms’ efficiency significantly and,
consequently, their economic performance given the relevance of fish sur-
vival and the scarcity of economic analyses on it. Investing in higher-
quality fingerlings could be also a worthy decision since quality is
related to higher fish survival and growth rates (e.g., the case of
vaccinated fingerlings bought by sea bass producers). The positive effects of
this type of innovations on the farm’s productivity have been reported pre-
viously in the salmon aquaculture industry (Asche, 2008; Kumar and
Engle, 2016).
Therefore, we can conclude that the improvements of efficiency in
the production of sea bass would allow not only the use of fewer resources
and a more sustainable production economically, but also the reduction of
the exposure that the operating profits and margins have with
price volatility.
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Notes
1. Unit prices for seafood tend to increase with the size of an individual. Hukom et al.
(2020) and Asche et al. (2021) provide two recent examples.
2. The consolidation and increase in firm size can also be found in other aquaculture
sectors like salmon (Asche et al., 2013).
3. According to Janssen (2019), trends in the increase in productivity per person support
the assumption that labor should be treated more as a fixed cost than a variable cost.
Moreover, energy costs are to a larger extent determined by the farm layout than by
the realized production and, even though the costs of medicines may vary, veterinary
costs are likely to be fixed per farm whereby they can be also considered as fixed costs
in our model. Other operating costs include a set of miscellaneous expenses from
different external services (rents, fees, repairs, transports, etc.).
4. This practice is carried out to increase the efficiency of farm’s resources. Thus, sea bass
producers would obtain more annual revenues with the same fixed investments
introducing more fingerlings in each cage at the beginning of the production process
since there is available space to do it. However, part of this production is sold before
reaching a weight of two kilograms because is necessary to leave enough space in the
cages and avoid thus density problems that could affect the growth rate and health
of fish.
5. Strategy 1 is more liquid with traditional extensive production systems with a simple
batch (e.g., production in ponds) because the frequency of seed and harvest is different
depending on the strategy of production (size of produced fish). Nevertheless, this is
not an advantage for strategy 1 when a continuous production system with multiple
batches (e.g., production in marine farms with sea cages) is considered because the
process of seed and harvest fish is repeated with similar frequency along the time
regardless the production strategy. Even though the risk of loss per unit is clearly
lower in strategy 1, the loss by batch or period in a continuous production system is
not so clear because it depends on the whole money invested in the batch or period
(the weight produced per batch or year is the same regardless the fish size) and how
the risk impact in the production process what can be affected by the fish size (e.g.,
the impact of a disease outbreak is different depending on the fish size, being higher
when fish is small).
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